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An 1mage processing device includes an 1mage data acquiring
part that acquires the first and second 1mage data, an edge
characteristic extraction part that extracts first edges and sec-
ond edges forming the shapes of the rectangular regions con-
tained 1n the first and second 1mage data, a rectangular char-
acteristic calculating part that extracts both a first calculated
rectangular region formed by the first edges and a second
calculated rectangular region formed by the second edges, a
position adjustment parameter calculating part that calculates
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angle between the first calculated rectangular region and the
second calculated rectangular region when the first 1mage
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data and the second 1mage data by shifting and rotating based
upon the parameters.

16 Claims, 10 Drawing Sheets

rﬁ?ns
Thin Combined Edge Pixel Data

rﬁ?ﬂa

Calculate Equations of Straight Line with

Cistance g and Angle 9
Pﬁ?ﬂ?’
Pairing Equations of Straight Line, and
Produce Pairing Info.
¥08B
Mo
Satisfy Condition?

{_ﬁ?ﬂ

Calculates Rectangular Characteristic Info.
from Four Equations aof Straight Line

rﬁ?'l!

Qutput Rectangular Gharacteristics Info. and
Paring Info.

<D

Non-Acquired
F.egion Exist?

rJSﬁD

Acguire Maximal Area DOut of
Non-Acguired Regions




US 8,625,150 B2

Sheet 1 of 10

Jan. 7, 2014

U.S. Patent

Fig. 1



'
aa
T
- Z ‘bl
)
3
/0-.,. r
» |
’» “ e1eq ed uoina1ion
- 1 loBew| uonoaLI0n) g ejeq abeuw

1Jed buissesolid “

09X4 Julld al 13 eyeq obew| "AsY g “enxg obp3

ele(

LOC
abew| uonosi10n 4

Hed '[eD "eied
1snipy uonisod

43 eleq ebew| 4 eJsjx3 abp3

= m
- "
- - |
= :
e “
= Hed '|IBD “
@ Anininini 7 ‘eieyn) Jejnbuejooy m
= | ! _ OoJul g/4

m m |||||||||||||||||||||||

' _ HEd DUNOEIIXS
) | _ ‘eleyn abp3
= | “ Bl abew
o . _
> | “
= _ ! ed buuinboy
s y C ' e1e(] abew
= S - a | (Led buipesy wnipap

Hed buipeay nuep
c0l
Ued bunuud ued AIoWsp ped buissaoold abeuw lJed Jauueog

00¢ 0¢ 0l 001

U.S. Patent



US 8,625,150 B2
i

i
1
[ ]
[}
3
' .
¥ .
T’ ‘1-“ T e trns r I T AT I I F N N S F I S EFrrFrFrr sy sFrr,
11111111 4 .
.-u__ A - ;
e S,
e
'
. H

IIIII
IIIIIIII

|
lllll

o

*>

N
ot
AEEE CEREET AEREE R R
‘
]
g

.‘..‘..‘.‘.‘l'll‘h..‘.
. T :
L ‘

S
.
.

SISy
u

)
.I
"

h
I~
n
L]

Image Data
(edge extraction front
data Ef)

' T
*h e e E T LA -

£
Ll
"
% e,
¢

A AT Ty T T T T T e T T T T T T e T T T T T T T T T T e T T T e T T e T e

image

-
- T = -
| |

Sheet 3 of 10

u
]
Y

“._...-t_.l.i 1 ﬂ.\.”

a

]
4
"
4
s
¥
.
1
-

&
L

A -

J30¥
Region S

..-..- ™
Gl s

T
B - . . T
W .
K R
" T o mewa
]
1

Rectangular

NN gy
l‘l--. TWmumY
o
= i :

ot T

rrrrrrr
++++++

™
o X
" ‘ -
Loy F - .
“" -.I F ] r
v W * — -~
.._”.m-u I 2 _,.ﬂ.ﬂ-.mﬂu‘ > . . - _
" ® ' £ . st r -
d . i . i . T N .
£ ' . a * g . .
11 ) r - r = - = -

N
}
§
3 f
]
¥
i
}
i
v

Jan. 7, 2014

f ¥
s om - __.1.._-.. . J

.“. a7 - Pl %ﬂ ”.

o ...._....1..1..-ll_1... .

* 4w L1

ﬂu - - o ]

r +

4 - - ’

-.I.._.

M -
ﬁ.l.!..“

.rs.ﬂ
= -
. .-_..l...-_lll_..\..!.i.-..__..hh!.h
1 -
= ¥
"
L]
..—.

........

L
.-|lhl._l..-..-u.l..-..
il 2 .
i . ¥
- iy
-, .

U.S. Patent



U.S. Patent Jan. 7, 2014 Sheet 4 of 10 US 8,625,150 B2

/JS40’I

Read Manuscript

[JS4 02

Acquire Image Data (ID)

|

Extract Edge Characteristics

S403

S404

Calculate Rectangular Charactaristics

[JS405

Calculate Position Adjust. Parameters L

Correct Image Data

S406

/JS407

Execute Printing

h

™)

| Process Error Termination

End

Fig. 4



U.S. Patent Jan. 7, 2014 Sheet 5 of 10 US 8,625,150 B2

5402

S501
Acquire ID and F/B Info.
S502
Back
Determine Front or Back
Front S503
Regard |ID as Front ID Df
S04
Store ID as Front |ID Df
S505
Regard |ID as Back Rev. ID Db
S506
Acquire Rev. Direction Info.
So07
Produce B Rev. ID by Processing to
Reverse B ID Db
S508

Store B Rev. |ID Dr to Memory Part

End
Fig. 5



U.S. Patent Jan. 7, 2014 Sheet 6 of 10 US 8,625,150 B2

18403
| Siart

- xtract Vertical Edge Characleristic Data
Using sSobel Filler, and Produce Vertical Bdge
haracteristic 1

SBO2
Extract fransverse dge Charactenstic Dala
Using Sobet Filter, and Produce Transverss
Edge Uharactenstic
003

Sinanze Veriical Bdge Charactensiic 1D

5604

Hinarize transverse &dge Charactenstic 1D

jwﬁ3605

Perform OR Operation, Extract All Pixels, and
Produce kdge BExtraction 1D E

bl
L
&
ol
&
-
&

Fig. ©



U.S. Patent Jan. 7, 2014 Sheet 7 of 10 US 8,625,150 B2

404
( Start jﬁ

Acquire Edge Extraction ID E

[JS701
/.JSTUE

Extract Edge Pixel Data and Generate Regions

[JS?CIB
[JST[M

Calculate Areas of Generated Regions

Acquire Region with Maximal Area

]

Thin Combined Edge Pixel Data

£705
/JSTUG

Calculate Equations of Straight Line with
Distance p and Angle &

[JS?CI?

Pairing Equations of Straight Line, and |
Produce Pairing Info.

708

No

Satisty Condition”?

709

No

Yes Fﬁ” 1 Non-Acquired
Region Exist?

Calculates Rectangular Characteristic Info.
from Four Equations of Straight Line Yeos

712
[JS fJST’IO

Output Rectangular Characteristics Info. and
Paring Info.

(L& ) Fig. 7

Acquire Maximal Area Out of
Non-Acqguired Regions




U.S. Patent Jan. 7, 2014 Sheet 8 of 10 US 8,625,150 B2

405
C Start f

| /N)SSO’I

Output Rectangular Characteristics Info. and
Paring Info.

No

/\F}SOZ

Yes S303

Calculate Length of Each Side of Front
Rectangular Region Sf

Acquire F/B Sides Rectangular
Characteristics Info.

804

Calculates Average 6 of Each Pair on Front Side
(Calculates Average 6 of Each Pair on Back Side)

[ﬁ805

Relates Pair on Front Side with Pair on Back

Side
S8006
Relates One Side of Pair on Front Side with
That of Pair on Back Side
S807
Calculate Difference Between Length of
Related Side on Front Side and That on Front
Side
808
No
Diff < Pre-Value
Yes S809

Calculate Rotational Angle Parameter (19)

/’JSS’IO
)

Calculate Parallel Shift Parameters (tx, ty

End

Fig. 8




U.S. Patent Jan. 7, 2014 Sheet 9 of 10 US 8,625,150 B2

400

901

Acquire Parallel Shift Parameters (tx, ty) and

Rotational Angle Parameter (t0)

902

Rotate B Rev. ID Dr by Angle (16)

903

Shifts Back Rev. ID Dr in Parallel by tx in X-
Axis Direction and by ty in Y-Axis Direction

904

Acquire Reverse Direction Info.

905

Produce Back Correction |ID DXb by
Processing to Reverse B Rev. |ID Dr

906

Store Back Correction ID DXb in Memory Part

=nd Fig. O



US 8,625,150 B2

Sheet 10 of 10

Jan. 7, 2014

U.S. Patent

ped buissesold
08X Juld

L0C

Jed bunuud

~

00¢

~

0¢

-----_l

eled
abew| uonoauod g

aXd

e1eq
obew| uonosello) 4

eyeq abew| "Aey g

1(

ejeq abew| 4

yed Alowsy

Hed uonoauod

0l "bi4

ejeq sbew|
VSl
ued ‘|ed ‘eled
1snipy uonisod
—~ A
VL
Jed ‘|eD eiey)d
adeys J81nQO
Vel

Led bunioelx3
‘BIRYD) 96p3

L~

Ued Buuinboy

\/\.

ejeq sbeuw|

L1

ued buissaooid sbewl| t0}

OJul g/4

ejeq sbew

(Led Buipeay wnipop)

Jed Buipesy "nuep

Jed Jauuedsg

0l P

001




US 8,625,150 B2

1

IMAGE PROCESSING DEVICE AND IMAGE
FORMING DEVICE

CROSS REFERENC,

L1l

The present application 1s related to, claims priority from

and incorporates by reference Japanese patent application
number 2009-173612, filed on Jul. 24, 2009.

TECHNICAL FIELD

The present invention relates to an image processing device
and an 1mage forming device having thereot, and particularly
relates to an 1mage processing device that corrects positions
so as to align two 1mage data when they overlap, and an 1mage
forming device having the image processing device.

BACKGROUND

Conventional image forming devices have a scanner func-
tion that converts a medium, such as paper, into image data
and a printing function that prints the image data. Further,
such 1mage forming devices have an 1image display that dis-
plays image data and an image editor for correcting a position
of 1mage data, in order to overlap and align two 1mage data.

When both sides of a manuscript are printed, the 1image
forming device performs a process to reverse the image data
on the back side (reverse horizontal or reverse vertical ); next,
performs a process to synthesize the reversed image data on
the back side and the image data on the front side; and further
performs a process to display the synthesized image data on
the 1mage display. Then, while browsing the synthesized
image displayed on the image display, a user manually moves
the 1image data of the back side, which was reversed by the
image edit means, and to adjust the position of the image data
to align a medium region contained 1n the reversed image data
on the back side with a medium region contained in the image

data on the front side. With this manual operation, the image
forming device can print both sides where the 1mage data are

aligned. See JP Laid-Open Publication No. 2003-244420.

SUMMARY

However, 1n the conventional image forming device, a user
manually adjusts positions so as to align image data on the
front side and the back side, which 1s troublesome.

The present invention has been accomplished to solve the
problem, with the objective of providing an 1mage processing,
device that aligns the shape of a rectangular region contained
in first image data with the shape of a rectangular region
contained 1n second image data only by entering the first
image data and the second image data, and to provide an
image forming device having such image processing device.

In order to solve the above-described problem, an 1image
processing device according to claim 1 of the present inven-
tion 1s a 1mage processing device that acquires both first
image data and second 1mage data, each of which 1s included
in a rectangular region, wherein the shape and area of the
rectangular regions are the same, and the 1image processing
device aligns the shape of the rectangular region of the first
image data with that of the second 1mage data, and the image
processing device provides a image data acquiring part, an
edge characteristic extraction part, a rectangular characteris-
tic calculating part, a parameter characteristic calculating,
part, a parameter calculating part, and a image data correction
part.
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The present invention provides the superior effects men-
tioned below.

According to the present invention, a user uses a scanner to
read rectangular medium, and the user merely enters first
image data containing the shape of the rectangular region
produced by the scanner and second 1mage data containing
the shape of the rectangular region into an 1mage processing
device, and then, image data where the shape of the rectan-
gular region contained in the first image data 1s aligned with
the shape of the rectangular region contained 1n the second
image data can be provided. Since the user can avoid manu-
ally adjusting the 1image position, the time required 1s dra-
matically reduced.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a perspective view of an 1mage forming device in
a first embodiment.

FIG. 2 1s a block diagram 1illustrating a configuration of the
image forming device equipped with an 1mage processing
device 1n the first embodiment.

FIG. 3 illustrates a relationship between 1image data (edge
extraction 1image data) read by the image forming device 1n
the first embodiment and plane coordinates expressed with an
X axis and a'Y axis.

FIG. 4 1s a flow diagram of two-sided printing processing
of the image forming device in the first embodiment.

FIG. 5 15 a flow diagram of manuscript reading processing.

FIG. 6 1s a flow diagram of edge characteristic extraction
processing.

FIG. 7 1s a tlow diagram of rectangular characteristic cal-
culation processing.

FIG. 8 15 a flow diagram of position adjustment parameter
calculation processing.

FIG. 9 1s a tlow diagram of image data correction process-
ng.

FIG. 10 1s a block diagram 1llustrating a configuration of
the image forming device equipped with an image processing
device 1n a second embodiment.

PREFERRED EMBODIMENTS OF THE
INVENTION

First Embodiment

Next, a first embodiment of an image forming device hav-
ing the image processing device 1s explained with reference to
the drawings. FIG. 1 1s a perspective view ol the image
forming device, and FIG. 2 15 a block diagram illustrating a
configuration of the image forming device having an image
processing device (display processing unit).

(Configuration of Image Forming Device)

An 1mage forming device 1 reads a placed manuscript
(rectangular medium) and copies the manuscript (copy print-
ing). As shown 1n FIG. 2, the image forming device 1 has a
scanner part 100 that reads the placed manuscript and pro-
duces image data, an image processing part 10, a memory part
20 and a printing part 200 that prints the 1image data.

The scanner part 100 1s a constituent part that reads the
shape of the manuscript (rectangular medium) and produces
image data containing a rectangular region, which 1s the
shape of the manuscript. The scanner part 100 has a platen
101 where the manuscript i1s placed, a manuscript detecting
part 102 that detects the manuscript placement, a manuscript
reading part 103 that 1s equipped with an 1image sensor, reads
the manuscript and produces 1image data, an operation part
104 that 1s equipped with an input means, such as a switch or
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button, for providing an instruction from a user U to the image
forming device 1, and a display unit 105 having a display
means, such as a liquid crystal display screen, for displaying,

a status of the image forming device 1 (FIG. 1). Herein, the
operation part 104 and the display unit 105 may be a touch °
panel where the screen by the liquid crystal display and the
switch are integrated.

The image processing part 10 in the first embodiment 1s for
adjusting positions for the purpose of printing by aligning
four corners on the front side of the manuscript read by the
manuscript reading part 103 with those on the back side. The
image processing part 10 1s equipped with image data acquir-
ing part 11, an edge characteristic extracting part 12, a rect-
angular characteristic calculating part 13, a position adjust-
ment parameter calculating part 14 and an i1mage data
correction part 15.

(Image data acquiring part 11) The image data acquiring
part 11 has reverse direction information in advance and
acquires two sets of image data produced by reading the front >
side and the back side of the manuscript by the manuscript
reading part 103, respectively. The image data acquiring part
11 turther acquires front/back information indicating whether
the image data 1s a front side of the manuscript or a back side
of the manuscript. Then, if the data 1s the image data of the 25
front side (iront 1 Image data Df), the data 1s stored in the
memory part 20 as 1s. I the data 1s image data of the back side
(back image data Db), the back reversed image data Dr where
the back 1image data Db 1s reversed based upon the reverse
direction information, 1s stored in the memory part 20. The 30
image data acquired from the manuscript reading part 103
covers an area larger than the actual size of the manuscript,
and 1t 1s assumed that the data i1s read without missing any
edges of the manuscript. Herein, the image data acquiring
part 11 allows the front image data D1 and the back reversed 35
image data Dr to be stored 1n the memory part 20, but the front
image data DI and the back reversed image data Dr can be
outputted to the edge characteristic extracting part 12 without
storing.

The two-side information 1s mnformation obtained when 40
reading the manuscript, and for example, concerning whether
the 1mage data produced by the scanner part 100 1s front side
data or back side data of the manuscript, if the read order 1s an
odd number, the data 1s considered to be from the front side of
the manuscript, and 11 the read order 1s an even number, the 45
data 1s considered to be from the back side of the manuscript.
The reverse direction information 1s data concerning whether
the reversal 1s horizontal or vertical and 1s stored 1n the 1image
data acquiring part 11 in advance 1n the present embodiment,
but the reverse direction mformation can be stored in the 50
memory part 20, and every time 1mage data 1s acquired from
the manuscript reading part 103, the data may be acquired
from the memory part 20. Further, the reverse direction infor-
mation 1s information that can be set by selecting “reverse
horizontal” or “reverse vertical” by the user U via the opera- 55
tion part 104. Then, since the reverse direction information 1s
information that can be displayed on the display unit 105, the
user U can perform the reversal by horizontally or vertically
reversing the manuscript on the platen 101 after the informa-
tion 1s confirmed. 60

(Edge Characteristic Extracting Part 12) The edge charac-
teristic extracting part 12 1s an extracting part that acquires the
front image data D1 (or the back reversed image data Dr) from
the memory part 20 and that extracts image data (edge extrac-
tion front image data Ef or edge extraction back reversed 65
image data Er) where pixels corresponding to the edges of the
manuscript from the front image data DT are extracted.

10

15

4

The edge characteristic extracting part 12 performs pro-
cessing to extract the edge extraction front image data Ef as

described below. The edge characteristic extracting part 12
detects the edges of the manuscript from the front image data
Diusing a Sobel filter, and extracts all edge pixel data forming
the edges. Herein, two matrices of coellicients for vertical
line detection and for transverse line detection, respectively,
are used for the Sobel filter, and the edges of the manuscript
in the transverse direction (transverse edge characteristic
data) are extracted with the matrix of coellicients for trans-
verse line detection, and the edges of the manuscript in the
vertical direction (vertical edge characteristic data) are
extracted with the matrix of coeflicients for vertical line
detection. Due to the processing described above, two 1mage
data of transverse edge characteristic image data that edge
characteristic in the horizontal direction 1s stand out with
respect to the image data and vertical edge characteristic
image data that edge characteristic in the perpendicular direc-
tion 1s stand out with respect to the image data are obtained.
Herein, well-known Sobel derivation, etc. 1s used.

In addition, the edge characteristic extracting part 12 bina-
rizes the transverse edge characteristic image data and the
vertical edge characteristic image data with predetermined
threshold values. Then, the edge characteristic extracting part
12 performs the logical OR operation to the binarized two
image data and extracts all pixels corresponding to the edges
and produces the edge extraction front image data Ef. Next,
the edge characteristic extracting part 12 outputs the edge
extraction front 1image data Ef to the rectangular characteris-
tic calculating part 13. Herein, the edge characteristic extract-
ing part 12 performs the logical OR operation (OR operation)
between pixels at the same position with the two 1image data,
and extracts the pixels whose result of the OR operation1s “1”
as “pixels corresponding to the edges.” Further, the edge
characteristic extracting part 12 performs the above-men-
tioned processing on the back reversed image data Dr, as well,
and extracts the edge extraction back reversed image data Er.

Herein, one example of the matrix of coelflicients for trans-
verse line detection to be used as the Sobel filter 1s shown 1n
Expression (1), and one example of the matrix of coelficients
for vertical line detection 1s shown 1n Expression (2). For this
Expression (2), a determinant (filter) with the size of 3x3 1s
used.

(Expression 1)

(—1 =2 —1) (1)
0 0 0
12 1,

(Expression 2)

(—1 0 1° (2)
-2 0 2
=1 0 1,

The performance of the processing (filter operation) using
the Sobel filter results in a replacement of tone value of
marked pixels with a weighted linear sum of the tone values
between the marked pixels and peripheral pixels. Since this 1s
executed for the entire image, the tone value of the marked
pixels becomes greater at a section with a more drastic change
in the 1mage, and the characteristic of the edges 1s noticeable.
Herein, the edge characteristic extracting part 12 binarizes the
transverse edge characteristic 1mage data and the vertical
edge characteristic image data with the predetermined thresh-



US 8,625,150 B2

S

old values, but the edge characteristic extracting part 12 can
be set to prepare a histogram 1n the image data and to separate
a predetermined quantity based upon the histogram.

(Rectangular Characteristic Calculating Part 13) The rect-
angular characteristic calculating part 13 1s a calculating part 5
to acquire the edge extraction front image data Ef from the
edge characteristic extracting part 12, to combine the edge
pixel data (pixels corresponding to the edges) contained in the
edge extraction front image data Ef, to extract a rectangular
region S (front rectangular region Si), and to calculate the 10
rectangular characteristic information of the rectangular
region S. Then, the rectangular characteristic calculating part
13 outputs the rectangular characteristic information to the
position adjustment parameter calculating part 14. In the
present embodiment, the rectangular characteristic calculat- 15
ing part 13 Hough-transtforms four sides of the rectangular
regions as the rectangular characteristic information, and cal-
culates an equation of straight line (L. (0, p)) expressed with
two-dimensional polar coordinates (circular polar coordi-
nates). Herein, 0 1s a deflection angle expressed with aradian 20
and p 1s a moving radius, and their ranges are 0=0<2m and
O=p.

FI1G. 3 illustrates a rectangular region S (front rectangular
region S1) extracted by the rectangular characteristic calcu-
lating part 13. The rectangular characteristic calculating part 25
13 performs the processing to calculate the rectangular char-
acteristic information of this front rectangular region S1. The
rectangular characteristic calculating part 13, first, acquires
the edge extraction front image data Ef from the edge char-
acteristic extracting part 12, extracts the edge pixel data con- 30
tained 1n the edge extraction front image data Ef, and pro-
duces a region where adjacent edge pixels with each other are
combined. Such processing 1s realized by connected process-
ing of four or eight vicinity pixels well-known as connection
processing of vicinity pixels or labeling process. 35

Then, the rectangular characteristic calculating part 13
produces two-dimensional plane coordinates using the upper
left of the image data (edge extraction front image data Ef) as
a point of origin O, and calculates an area of the produced
regions, respectively. The area 1s calculated based upon maxi- 40
mal value and minimal value of x-coordinate value and a
y-coordinate value 1n the regions. The maximal valuex___of

FRLCEX

the x-coordinate value, the minimal value x__. of the x-coor-
dinate value, the maximal value y___ of the y-coordinate
value, the minimal value y_ . of the y-coordinate value are 45
extracted from the region, and an area s 1s calculated using
Expression (3).

(Expression 3)

S:(xmax_xmin).@max_ymfn) (3) 50

Herein, the rectangular characteristic calculating part 13
produces two-dimensional plane coordinates using the upper
left of the image date as a point of origin O, but the position of
the point of origin O may be a center of the image data or at
any position. 55

Then, the rectangular characteristic calculating part 13
acquires the region of the maximal area s, performs the thin-
ning processing on a row (line) where edge pixels forming the
region are combined, and extracts lines (straight lines) to be
sides of the region. This thinning process 1s performed using 60
a known method.

If the rectangular characteristic calculating part 13 per-
forms, on two-dimensional plane coordinates, a Hough-trans-
formation using an angle 0, formed with a normal passing
through the point of origin O from one side (straight line L) 65
of the region and the X-axis (at the positive side) and the
shortest distance p, between the point of origin O and the

6

straight line L, (corresponding to a distance between an inter-
section point of the normal and the straight line L, and, the
point of origin O), the straight line L, can be expressed with
Expression (4).

(Expression 4)

Straight line L, (05, pp)

Po=x cos 0,+v sin O (4)

I1 the Hough-transformation 1s similarly performed for the
other three sides, the sides can be expressed with Expressions
(5-1) (5-3).

(Expressions 5-1 to 5-3)
Straight line L, (0,, p,)

0, =x cos 0, +y sin 0, (-1)
Straight line L., (0., p)

0,=x COS O+ sin 6, (5-2)
Straight line L, (0., p,)

03=X cOS B3+ sin 6, (5-3)

According to these expressions, the rectangular character-
1stic calculating part 13 can calculate a plurality of equations
of straight lines (0, py), (0,, p,), (0, p,) and (05, p5) of the
region (that has not been determined as the rectangular region
S).

Next, the rectangular characteristic calculating part 13
pairs this plurality of straight lines to satisty the expressions
of condition (6-1) or (6-2). On this occasion, one straight line
can be paired with another more than once.

(Expressions 6-1, 6-2)
Condition 1:

p,—p;/>0, and 10,-6.1<0g (6-1)
Condition 2:

p;+p;1>0, and 10,~0 —7w|<0g (6-2)
Provided 1=

Herein, o, represents a threshold value for distance
between two straight lines to be paired, and o4 represents a
threshold value for an angular difference of two straight lines
to be paired. Although the threshold values o, and 04 are
arbitrary set vales, two straight lines whose inclinations are
approximated but that are apart are paired by setting the

threshold value o, at a great value to some extent and setting
the threshold Value O at a small value to some extent. For
example, the threshold value 0,=0.1 [radian] and the thresh-
old value 9, 1s set at approx1mately I/4 of the short side length
of the image data produced by the manuscript reading part
103. Further, according to the inequality of condition 2 (6-2),
because amanuscript placed with a great tilt 1s read, even 1f an
intersection between a normal passing through the point of
origin O and the straight line L, 1s 1n a negative region of the
Y-axis, the straight lines L, and L, can be paired.

In addition, the rectangular characteristic calculating part
13 calculates a combination of two sets of paired straight lines
(hereafter, referred to as “pairs™) to satisiy the mequality of
condition 3 (7) among the pairs. At this time, one set of pairs
can be recombined using another set of pairs more than once.
(Expression 7)

Condition 3:

|CGS(BI-J—G;QE)|{60 (7)

However, 0, 1s a sufficiently-small value, and for example,
0,=0.1.

Further, 0, ; means an average of 0 of one set of pairs, and
this value can be calculated with the following expressions

(8-1) and (8-2):
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(Expressions 8-1, 8-2)

(8-1)

Pairs to satisty Condition 1:

9; + QJ,'

0; ; = 5

Pairs to satisty Condition 2: (3-2)
95 + QJ,' -

0; ; = 5

With these expressions, two sets of pairs that are mutually
orthogonal are calculated, and pairing information can be
produced.

With the processing, the rectangular region S (FIG. 3)
where the vertical lines (straight lines) of the manuscript
become a pair and the transverse lines (straight lines) of the
manuscript become a pair 1s extracted. Then, the rectangular
characteristic calculating part 13 performs the above-de-
scribed processing on the edge extraction front image data Ef,
and the rectangular characteristic information (84, pg), (0,
Pa)s (0. py) and (B4, p) 0f the front rectangular region St
1s calculated, and P, indicating that (04, py) and (04, pa)
are paired, and P,; indicating that (0,,, p,,) and (04, p) are
produced as pairing information. Further, the rectangular
characteristic calculating part 13 performs the processing on
the edge extraction back reversed image data Er; calculates
rectangular characteristic mformation (0,4, P,0), (0., £,1),
(0.,,p,,)and (0 ,, p,,) of the back rectangular region Sr, and
produces pairing information P,,, and P,

Further, the rectangular characteristic calculating part 13,
in the case of not satisfying an inequality of condition 3
(condition not met), acquires a region of next greater area s
(numerical expression (3)) and extracts the rectangular region
S, or, continues the processing until there are no longer
regions to be acquired.

(Error Message Display Process) Then, when there 1s no
more region to be acquired, the image forming device 1
performs a process to display an error message, such as
“There was a failure to read the manuscript”, on the display
unit 105.

(Position Adjustment Parameter Calculating Part 14) The
position adjustment parameter calculating part 14 1s a calcu-
lating part to acquire the rectangular characteristic informa-
tion of the front side and the back side from the rectangular
characteristic calculating part 13 and to calculate correction
parameters, which are a distance for parallel shift (parallel
shift parameters: tx and ty) and an angle of rotational transfer
(rotational angle parameter t0) to align the rectangular char-
acteristic information ot the tront side (0 4-04, pp-psz) With
the rectangular characteristic information of the back side
(0.5-0 1, P,o-P,3). Then, the position adjustment parameter
calculating part 14 outputs the correction parameter (tx, ty, t0)
to the 1image data correction part 15. The back rectangular
region Sr shall be aligned with the front rectangular region ST
using these parallel shift parameters tx and ty and the rotation
angle parameter t0, by shifting 1n parallel at the parallel shift
parameters tx and ty, and further rotational -transierring at the
rotational angle parameter t0.

The position adjustment parameter calculating part 14 per-
forms processing to extract the parallel shift parameters tx
and ty and the rotational angle parameter t0 as described
below. The position adjustment parameter calculating part 14,
first, from the rectangular characteristic circulating part 13,
acquires the rectangular characteristic information (04, p4).
(04,04, (04, ) and (0, p ) 0f the front rectangular region
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St and the pairing information P, and Pps, and further
acquires the rectangular characteristic information (0, P,q),
Oa, Pa)s (0,5, 0,,) and (0,5, p,3) of the back rectangular
region Sr and the pairing information P,,, and P ;.

(Process to Calculate Side Length) Then, the position
adjustment parameter calculating part 14, first, calculates the
length of each side of the front rectangular region ST using the
rectangular characteristic information of the front rectangular
region S1. The length of the side can be calculated from three
straight lines. These three straight lines are two straight lines
composing a set of pairs and one straight line out of another
set of pairs. Referring to FIG. 3 again, for example, a straight
line L4, and a straight line L, composing one set of pairs and
aline L, which 1s one straight line out ot another set of pairs,
are selected, and a distance from an intersection (X, », ¥ ») 0f
the straight lines L4, and L, and to an intersection (X, 5, ¥; »)
of the straight lines I 4 and L, 1s calculated as the side length
on the straight line L,,. The intersections are sections equiva-
lent to four corners of the manuscript.

Herein, the intersection (X 5, ¥, 5) 0f the straight lines L4,
(O0s Po) and Ly, (8,, p,) can be calculated with the expression

9).

(Expression 9)

( Losind, — o sinfy (D)
02T T T 0, — 62)

{ pocosth — prcost

0T T o088 — 62)

Further, a distance (length ot the side on the straight line L, )
d, between the two points (X, ,, ¥, ) and (X, ,, ¥, ,) can be
calculated with the expression (10).

(Expression 10)

d;z:v (x 1,2—x0,2)2+(}’1,2—}’0,2)2 (10)

Lengths dg, ds, d» and dg of the sides on the straight lines
Lo, La, Ly and Ly of the front rectangular region St are
calculated by applying the calculation to the straight lines to
the sides, respectively.

Further, the position adjustment parameter calculating part
14 also calculates lengths d , d,,, d , and d _, of the sides on
the straight lines L. ,, L ,, L , and L, using the rectangular
characteristic information of the back rectangular region Sr,
respectively.

(Process to Relate Each Side) Then, the position adjust-
ment parameter calculating part 14 performs processing to
relate each side of the frontrectangular region Stto that of the
back rectangular region Sr, respectively. The processing 1s
performed using the following method: Herein, the position
adjustment parameter calculating part 14 acquires the rectan-
gular characteristic information (64, P4), (04, Pas (B0, Pp)
and (04, p3) of the front rectangular region St and the pairing
information P , and P, 5, and further acquires the rectangular
characteristic information (0 ., P,4), (0., 0,1), (0 -, p,-) and
(0.5, p,5) of the back rectangular region Sr and the pairing
information P, , and P _,,. Herein, the pairing information
P, mdicates the rectangular characteristic information (0,
P5) and the rectangular characteristic information (8,, p, )
are the pairs; P,; indicates the rectangular characteristic
information (0, py,) and the rectangular characteristic infor-
mation (04, p) are the pairs; P, indicates the rectangular
characteristic information (0 ., p,,) and the rectangular char-
acteristic information (0, p,.,) are the pairs; and P, 1ndi-

Fl°
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cates the rectangular characteristic information (0., p,,) and
the rectangular characteristic information (0 5, p,,) are the
pairs.

First, the position adjustment parameter calculating part 14
calculates average 0 of two straight lines in each pair. Herein,
the average 0 (0,4, ) ot the pair P4, can be calculated with the
expression (11).

(Expression 11)
Qfﬂ + Qfl (]. l)
Opro1 = 5

Thus, the position adjustment parameter calculating part 14
calculates 0 4, of the pair Py, and 04,5 of the pair P, ; in the
front rectangular region Si, and 0,,,, of the pair P,,, and

0,523 ol the pair P, ,; of the back rectangular region Sr.

Then, the position adjustment parameter calculating part
14 performs processing to relate 0,4, and 0,45 ot the front
rectangular region St to the approximating 0, ,, and 0 ., ,, of
the back rectangular region Sr. The processing 1s performed
as follows: If 10p4,=0p,0,1<10,0,=0,23l, the pair Py, 1s
related to the pair P, (1.e., 0,4, 1s notequal to 8,,,,). In the
meantime, the mequality 1s not satisfied, the pair Py, 1s
related to the pair P ,; (1.€., 0,4, 18 notequal to 0,,5). Then,
the pair P, ; relates to a pair that 1s not related. Herein, the pair
P, 1s related to the pair P, , and the pair Py, 1s related to the
pair P .

Next, the position adjustment parameter calculating part
14, based upon the distance p of each side to the point of
origin O, performs processing to relate one side to another
whose distances p are approximate per related pairs. For
example, in the case that the pair Py, relates to the pair P,
processing to relate pg, of the straight line L4, and p, of the
straight line L, 1n the front rectangular region St to approxi-
mate p,, of the straightline L, , and p,, of the straight line L,
in the back rectangular region Sr 1s performed. The process-
ing 1s performed as follows: It p —p,oI<Ip 4, —p,, |, the side on
the straight line L4, 1s related to thaton L, (1.€., P4, 1s not equal
to p,,). In the meantime, the mequality 1s not satisfied, the
side on the straight line L4, 1s related to that on the straight line
L,, (1.e., pg s notequal to p,,). Then, the side on the straight
line L, 1s related to a pair that 1s not related. According to the
relating processing, the position adjustment parameter calcu-
lating part 14 can relates each side of the front rectangular
region ST to each side of the back rectangular region Sr,
respectively.

According to such processing, it 1s assumed that the side on
the straight line L4, 1s related to that on the straight line L ;
the side on the straight line L, 1s related to that on the straight
line L, ,, the side on the straight line L, 1s related to that on the
straight line L ;; and the side on the straight line L , 1s related
to that on the straight line L _,.

(Processing to Determine Aligning Related Sides) Next,
the position adjustment parameter calculating par 14 calcu-
lates a difference between the lengths of the related sides on
the front and back sides, whether or not the difference 1s
smaller than a predetermined value. In other words, whether
or not the size of the manuscript (the front rectangular region
ST and the back rectangular region Sr) 1s matched 1s deter-
mined. As a result of calculating a difference between the
length dg, on the straight line L, and the length d,, on the
straight line L, 11 the difference 1s smaller than a predeter-
mined value (1.e., dg, 1s nearly equal to d,), 1t 1s determined
that the side on the straight line L, relates to the side on the
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straight line L ,. Then, the position adjustment parameter
calculating part 14 performs such determination process
between the length d, on the straight line L, and the length
d,, on the straight line L,,; between the length d, on the
straight line L, and the length d,, on the straight line L, ,; and

between the length d on the straight line L5 and the length
d, . on the straight line L .

Then, 11 determining that the differences between the
lengths of related sides on the front side and on the back side
are all smaller than a predetermined value, 1.¢., the sizes of the
manuscript (the front rectangular region Sf and the back
rectangular region Sr) are matched, the position adjustment
parameter calculating part 14 performs a process to adjust
positions to be described below. The predetermined value 1s
acceptable as long as an error value occurring due to the
processing by the position adjustment parameter calculating
part 14 from the image data acquiring part 11 1s considered.

(Process to Display Error Message) In the meantime, as a
result of calculating a ditference between the length d 4, on the
straight line L4, and the length d,, on the straight line L, 1f
the difference 1s greater than the predetermined value, 1t 1s
believed that the sizes are difference between the front side

and the back side of the read manuscript. For example, this
corresponds to a case where a manuscript read as a front side
1s B5 size and a manuscript read as a back side 1s A4 size. On
this occasion, the image forming device 1 performs a process
to allow the display unit 105 to display an error message, such
as “The size of the manuscript differs between the front side
and the back side.”

Next, the position adjustment parameter calculating part 14
performs a process to adjust positions as described below.

(Processing to Adjust Positions) First, the position adjust-
ment parameter calculating part 14 calculates a rotational
angle parameter t6 for correcting image data on the front side
(front image data D) and a rotational angle parameter t0, for
correcting image data on the back side (back reversed image
data Dr), based upon the average 0 of the front rectangular
region SI and the average 0 of the back rectangular region Sr.

(Processing to Adjust Positions: Correction Pattern to
Align Image Data on Back Side with Image Data on Front
Side) When the position adjustment parameter calculating
part 14 corrects to align the image data on the back side with
that on the front side, t6 =0, and t0, can be calculated with the
expression (12).

(Expression 12)

(Opro1 + Opr23) - (Oppo1 + Opp23) (12)

g, =
O > >

Next, the position adjustment parameter calculating part 14
obtains parallel shift parameters tx .and ty . for correcting the
image data on the front side (front image data D1) and parallel
shift parameters tx, and ty, for correcting the image data on
the back side (back reversed image data Dr). The intersection
1s an intersection (X, », Yo ) 0f the extracted straight line L,
and the straight line L, or an mntersection (X, ,, y, ») of the
extracted straight line L, and the straight line L, on the
occasion of the processing to calculate the length of sides (the
processing to calculate the length of sides of the rectangular
region).

First, any one of intersections 1s selected. As a method to
select one 1ntersection, any method to select only one of
intersection, which can be an intersection whose distance
from a point of origin 1s the smallest, or which can be an
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intersection whose x-axis coordinate value 1s the greatest, 1s
acceptable. Coordinate values of the selected itersection 1n
the front 1image data Dt are set at (X4, Y4), and coordinate
values of an intersection in the back reversed image data Dr
relating to the above intersection are set at (X,,, vV,,). The
related intersection can be acquired from an intersection of
two sets of sides (straight lines) related on the front side and
the back side. Then, each intersection 1s rotated and trans-
tormed with the expressions (13-1) and (13-2) using the coor-
dinates of these intersections and the rotational angle param-
eters t0 .and 10,

(Expressions 13-1, 13-2)

{ Xf{] = XfDCDSIQf — yfgﬂlllf@f (13_ 1)

Yﬂ) = Xf{)SillIQf + nyCDSIQf

{ Xb0o = XpoCOSIO, — Yposinith, (13-2)

Yo = XpoSintty, — ybgCGSIQb

Next, the parallel shift parameters tx, ty, tx, and ty, for
parallel shift correction so as to have the intersections after
this rotational transfer matching on the front side and the back
side are calculated. Herein, when the position adjustment
parameter calculating part 14 corrects to the image data on the
back side to be aligned with that on the front side, tx ~ty ~0,
and tx, and ty, can be calculated with the expression (14).

(Expression 14)

{ X, = ng — Xpo (14)

[Yp = Yro — Yo

Thus, the position adjustment parameter calculating part
14 outputs the correction parameters (X ty , t0,) and (X, ty,.
t0, ) to the 1image data correction part 15. Herein, when cor-

recting to align the image data on the back side with that on
the front side, the position adjustment parameter calculating
part 14 outputs the correction parameters (0, 0, 0) and (tx,,
ty,, 10,) to the image data correction part 15.

The pattern where the position adjustment parameter cal-
culating part 14 corrects the image data on the back side to
match with that on the front side was described above, and as
another position adjustment processing, a pattern where the
image data on the front side 1s corrected to align with that on
the back side, and another pattern where a rectangular region
S of the manuscript 1s corrected so as to face the front with
regard to the two-dimensional plane coordinate axis are avail-
able.

(Processing to Adjust Positions: Correction Pattern to
Align Image Data on Front Side with That on Back Side)
When the position adjustment parameter calculating part 14
corrects the image data on the front side to align with that on
the back side, t6,=0, and t6, can be calculated using the
expression (135) mstead of the expression (12).

(Expression 13)

_ Oppo1 +Opa3)  (Opro1 + Opras) (15)

9, —
O > >
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Further, when the parallel shift parameters tx; ty, tx,, and
ty, are circulated, tx,=ty,=0, and tx.and ty .can be calculated
using the expression (16) instead of the expression (14).

(Expression 16)

{IXf :XbD_XfD (16)

Iy =Ypo— Yro

(Processing to Adjust Positions: Correction Pattern to Face
the Front of Rectangular Region of Manuscript with Regard
to Two-Dimensional Plane Coordinate Axis) Further, when
the position adjustment parameter calculating part 14 corrects
both image data on the front side and that on the back side so
as to face the front of the rectangular region S of the manu-
script with regard to the two-dimensional plane coordinate

axis, they can be calculated using the expressions (17-1) and
(17-2) mstead of the expression (12).

(Expressions 17-1, 17-2)

{—prm (Opro1 < Opr23) (17-1)
Igf =

—bprr3  (else)

(OPpo1 < Opp23) (17-2)

{ —Opp01
Itgb =
—Oppy;  (else)

Further, when the parallel shift parameters tx, ty 5 tx, and
ty, are calculated, tx.and ty, can be calculated using the
expression (18) instead of the expression (14).

(Expression 18)

(18)

(IXy = —Xpot+a

tyFp ==Y+ p
{ Ix; = —Xpg + @
(Iyp ==Y +

(Image Data Correction part 15) The image data correction
part 1S acquires the correction parameters (tx, ty, t0,) and
(tx,, ty,, t0,) from the position adjustment parameter calcu-
lating part 14, and acquires the front image data Di and the
back reversed image data Dr from the memory part 20. Then,
the image data correction part 15 rotational-transter the front
image data Dt at the rotational angle parameter t0 4 turther
shifts only at the parallel shift parameters tx.and ty,in paral-
lel; produces reversed front correction image data DX1 based
upon the reverse direction information, and stores the data in
the memory part 20. In addition, the 1image data correction
part 15 rotational-transfers the back reversed image data Dr at
the rotational angle parameter t0; further shifts the data by the
parallel shift parameters tx and ty in parallel; based upon the
reverse direction information, produces reversed back correc-
tion 1mage data DXb; and stores the data in the memory part
20.

(Processing to Adjust Positions: Correction Pattern to
Align Image Data on the Back Side with Image Data on the
Front Side) Herein, when the position adjustment parameter
calculating part 14 corrects to align the image data on the back
side with that on the front side, the image data correction part
15 acquires the correction parameters (0, 0, 0) and (tx,, ty,,
t0,) from the position adjustment parameter calculating part
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14. In addition, the image data correction part 15 acquires the
front image data D1 and the back reversed image data Dr from
the memory part 20; rotational-transiers the back reversed
image data Dr at the rotational angle parameter t0; further
shifts the back reversed image data Dr at the parallel shift
parameters tx, and ty, in parallel; produces reversed back
correction 1mage data DXb based upon the reverse direction
information; and stores that image data in the memory part

20.

Furthermore, the image processing part 10 1s composed of
a common computer having a not-1llustrated central process-
ing unit (CPU), read-only-memory (ROM), random-access-
memory (RAM), hard disc (HD), etc., and can be activated by
a program to make the computer function as each means
mentioned above.

(Print Execution Processing Part 201) A Print execution
processing part 201 acquires the front correction image data
DXt and the back correction image data DXb from the
memory part 20, and controls a not-1llustrated photoreceptor,
a carrying roller and a sheet feeding part, etc., which are
provided by a printing part 200, and print (the data) on a
medium, such as paper. Herein, because no front correction
image data DX11s produced by the image data correction part
15, when the front correction image data DX{ 1s not stored 1n
the memory part 20, the print execution processing part 201
acquires the front image data Df instead of the front correc-
tion 1mage data DX{.

In the image forming device 1 of the first embodiment
having the configuration, a user allows a scanner, etc. to read
a manuscript (rectangular medium) and merely enters first
image data including the shape of the manuscript on the front
side and second 1image data including the shape of the manu-
script on the back side produced by the scanner into the image
processing part 10, and then can provide image data (the front
correction 1mage data DX{1 and the back correction image
data DXb) where the shape of the manuscript on the front side
contained 1n the first image data and the shape of the manu-
script on the back side contained 1n the second 1mage data are
aligned. Consequently, because the user can avoid his/her
trouble to manually adjust positions of the image, working,
hours can be drastically reduced. Further, when the front
correction image data DXT 1s printed onto the front side of an
output medium and the back correction 1image data DXb 1s
printed on the back side of the output medium, printing with
matched four corners can be performed.

(Processing of Image Forming Device) Next, with refer-
ence to FIG. 4, the processing of the image forming device 1
1s explained (accordingly see FIG. 1 or FIG. 3). Herein, a
manuscript with printed both sides shall be read.

First, the image forming device 1 (manuscript reading part
103) performs the processing to read an image (S401).

(Processing to Read Manuscript: S401) A user U places a
manuscript on the platen 101 of the scanner part 100, and
while viewing the display unit 105, he/she operates the oper-
ating part 104, and allows the manuscript reading part 103 to
read the front side of the manuscript. Next, the user U flips the
manuscript on the platen 101 (reverse horizontal) and places
it (reverse direction information="‘reverse horizontal), and
operates the operating part 104, and allows the manuscript
reading part 103 to read the back side of the manuscript.
According to the operation by the user U, the manuscript
reading part 103 reads the front side and the back side of the
manuscript, respectively, and produces two image data, and in
addition, acquires front/back information indicating whether
the 1mage data 1s the front side or the back side of the manu-
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script. Then, the manuscript reading part 103 outputs the read
image data and front/back information to the image data
acquiring part 11.

Next, the image forming device 1 performs the processing
to acquire 1mage data (S402).

(Processing to Acquire Image Data: S402) FIG. 5 1s a flow
diagram of the processing to acquire the image data. The
image data acquiring part 11 acquires the image data and the
front/back information from the manuscript reading part 103
(5501). Then, the image data acquiring part 11 determines
whether the acquired 1mage data 1s for front or back based on
the front/back information (S502). If the front/back informa-
tion 1indicates “front” (S502, front), the image data acquiring
part 11 stores the acquired 1mage data as the front image data
D1 (S503) to the memory part 20 (S504). Then, the 1image
forming device 1 performs the processing to extract edge
characteristics (5403, FIG. 4).

If the front/back information indicates “back” (53502,
back), the image data acquiring part 11 regards the acquired
image data as the back image data Db (S505), and next, the
image data acquiring part 11 acquires the reverse direction
information pre-stored by the image processing part 10
(5506) and performs the processing to reverse the back image
data Db, and produces the back reversed image data Dr where
the back image data Db 1s reversed toward the (S507). Then,
the 1mage data acquiring part 11 stores the back reversed
image data Dr to the memory part 20 (S508).

Next, the image forming device 1 performs the process to
extract an edge characteristic (S403, FIG. 4).

(Processing to Extract Edge Characteristics: S403) FIG. 6
1s a flow diagram of the processing to extract edge character-
istics. Herein, an example of performing the processing to
extract edge characteristics to the image data on the front side
(front 1mage data Di) 1s shown. The edge characteristic
extracting part 12 acquires the front image data Df from the
memory part 20; extracts vertical edge characteristic data
from the front image data DI using the Sobel filter (matrix of
coellicients for vertical line detection); and produces the ver-
tical edge characteristic image data (S601).

Further, the edge characteristic extracting part 12 extracts
transverse edge characteristic data from the front image data
D1 using the Sobel filter (matrix of coetlicients for transverse
line detection), and produces the transverse edge character-
1stic image data (S602). Then, the edge characteristic extract-
ing part 12 binarizes the vertical edge characteristic image
data (S603). Further, the edge characteristic extracting part 12
similarly binarizes the transverse edge characteristic 1mage
data (5604). Then, the edge characteristic extracting part 12
performs OR operation of two binarized image data (vertical
edge characteristic image data and transverse edge character-
istic 1image data); extracts all pixels corresponding to the
edges; and produces edge extraction image data E (edge
extraction front image data Ef) (5605). Further, the edge
characteristic extracting part 12 similarly performs the pro-
cessing to extract the edge characteristics from the image data
on the back side (back reversed image data Dr) (S601-S605),
and produces the edge extraction back reversed image data Er.

Next, the image forming device 1 performs the processing
to calculate rectangular characteristics (5404, FI1G. 4).

(Processing to Calculate Rectangular Characteristics:
S404) FIG. 7 15 a flow diagram of the processing to calculate
rectangular characteristics. Herein, an example of performing
the processing to calculate the rectangular characteristics to
the image data on the front side (edge extraction front image
data ET) 1s shown. The rectangular characteristic calculating
part 13 acquires the edge extraction image data E (edge
extraction front image data Ef) from the edge characteristic
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extracting part 12 (S701). Then, the rectangular characteristic
calculating part 13 extracts and combines the edge pixel data
contained 1n the edge extraction front image data Ei, and
generates regions (S702). The rectangular characteristic cal-
culating part 13 calculates an area of the generated regions,
respectively (8703), and acquires a region with a maximal
area (S704).

The rectangular characteristic calculating part 13 performs
the processing to thin the combined edge pixel data (S7035).
The rectangular characteristic calculating part 13 calculates
equations (L, (0, p)) of a straight line with the distance p to the
point of origin O and the angle 0 formed by the point of origin
O (S706). The rectangular characteristic calculating part 13
performs the pairing to the equations of a straight line so as to
satisiy to the expression of condition 1 (expression (6-1) or
the expression of condition 2 (expression (6-2)), respectively,
and produces pairing information (S707). Then, the rectan-
gular characteristic calculating part 13 determines a condition
about whether or not condition 3 (expression (7)) 1s satisfied.

When the condition 1s not satisfied (S708, not satisfied),
whether or not there are any non-acquired regions out of the
regions generated at 8702 (58709), and if there are non-ac-
quired region(s) (S709, Yes), a region with a maximal area out
of the not-acquired regions 1s acquired (S710). It there 1s no
non-acquired region (S709, None), the error termination pro-
cessing 1s performed (S408, FI1G. 4), and the image forming
device 1 allows the display unit 105 to display an error mes-
sage, and terminates the process. This error 1s caused, for
example, by extracting an edge that could not be paired by the
edge characteristic extracting part 12 because the manuscript
1s Tolded, or a portion of the manuscript 1s missing.

Further, when the condition 1s satisfied at the determination
for the condition of 8708 (5708, satisfied), the rectangular
characteristic calculating part 13 calculates rectangular char-
acteristic mformation from four equations of straight line
torming the regions (04, ). (04, Pn ), (0, ) and (04, ps)
(S711). Then, the rectangular characteristic calculating part
13 outputs the rectangular characteristic information and the
pairing information (S712).

Further, the rectangular characteristic calculating part 13
similarly performs the processing to calculate the rectangular
characteristic (S701-S712) for the image data on the back
side (edge extraction back reversed image data Er), and pro-
duces the rectangular characteristic information and pairing
information.

Next, the image forming device 1 performs the processing
to calculate position adjustment parameters (S4035, FI1G. 4).

(Processing to Calculate Position Adjustment Parameters:
S405) FIG. 8 15 a flow diagram of the processing to calculate
the position adjustment parameters. The position adjustment
parameter calculating part 14 acquires the rectangular char-
acteristic mnformation and the pairing mformation (S801).
The position adjustment parameter calculating part 14 deter-
mines whether or not the rectangular characteristic informa-
tion on the front side and on the back side has been able to be
acquired (S802). If the rectangular characteristic information
on the front side and on the back side cannot be acquired
(S802, No), the error termination processing 1s performed
(S408, FI1G. 4), and the image forming device 1 allows the
display unit 105 to display an error message and terminates
the processing.

In the meantime, 11 the rectangular characteristic informa-
tion on the front side and the back side can be acquired (S802,
Yes), the position adjustment parameter calculating part 14
calculates the length of each side of the front rectangular
region Si on the front side (5803). Similarly, the position
adjustment parameter calculating part 14 also calculates the
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length of each side of the back rectangular region Sb on the
back side. Next, the position adjustment parameter calculat-
ing part 14 calculates average A of each pair on the front side
(S804). Similarly, the position adjustment parameter calcu-
lating part 14 also calculates average 0 of each pair on the
back side. Then, the position adjustment parameter calculat-
ing part 14 relates the pair on the front side with the pair onthe
back side (5805), and further relates one side of the pairon the
front side with that of the pair on the back side (S806). Then,
the position adjustment parameter calculating part 14 calcu-
lates a difference between length of the related side on the
front side and that on the back side (5807).

Herein, the position adjustment parameter calculating part
14 determines whether or not the difference value 1s smaller
than a predetermined value (S808). When the difference
value 1s greater than the predetermined value (S808, No), an
error termination processing 1s performed (S408, F1G. 4), and
the 1mage forming device 1 allows the display unit 103 to
display an error message and terminates the processing. In the
meantime, when the difference value 1s smaller than the pre-
determlned value (S808, Yes), the position adjustment param-
cter calculating part 14 calculates a rotational angle param-
cter (S809), and next, calculates parallel shift parameters
(S809).

Next, the image forming device 1 performs the processing
to correct image data (5406, FI1G. 4).

(Processing to Correct Image Data: S406) FIG. 9 15 a tlow
diagram of the processing to correct the image data. First, the
image data correction part 15 acquires the parallel shait
parameters (tx, ty) and the rotational angle parameter (t0)
from the position adjustment parameter calculating part 14
(S901). Then, the 1image data correction part 15 rotates the
back reversed image data Dr only by the rotational angle
parameter t0 (5902). Next, the image data correction part 15
shifts the back reversed image data Dr in parallel by tx 1n the
X-axis direction and by ty 1n the Y-axis direction (5903 ).

Then, the image data correction part 15 acquires the reverse
direction information pre-stored by the image processing part
10 (S904); performs the reverse processing on the back
reversed 1mage data Dr; and produces the back correction
image data DXb where the back reversed image data Dr 1s
reversed (a reverse processing) toward the direction accord-
ing to the reverse direction information (S905). Then, the
image data correction part 15 stores the back correction
image data DXb in the memory part 20 (5906).

Next, the image forming device 1 performs a processing to
execute printing (5407, FI1G. 4).

(Processing to Execute Printing: S407) The print execution
processing part 201 acquires the front correction image data
DXt and the back correction image data DXb from the
memory part 20, and further acquires setting information
relating to printing from the memory part 20, and 1n the case
of the “two-side printing,” the front correction image data
DXT1 1s printed on one side (front side) of an output medium
(paper) and the back correction image data DXb 1s printed on
the back side. In the meantime, 1n the case of “one-side
printing,” the front correction image data DXT 1s printed on
one side (front side) of the output medium (paper), and the
back correction image data DXb 1s printed on the same side.
Herein, since the front correction image data DX{ 1s not
produced by the image data correction part 15, 11 the front
correction 1image data DXIT 1s not stored in the memory part
20, the print execution processing part 201 acquires the front

image data DI instead of the image correction image data
DXT.

Second Embodiment

An 1mage forming device 1A of a second embodiment 1s a
device, as 1llustrated 1n FI1G. 10, having an outer shape char-
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acteristic calculating part 13 A, a position adjustment param-
cter calculating part 14A and an 1image data correction part
15 A instead of the rectangular characteristic calculating part
13, which 1s provided by the image forming device 1 of the
first embodiment (FIG. 2), the position adjustment parameter
calculating part 14 and the image data correction part 13.

(Outer Shape Characteristic Calculating Part 13A) The
outer shape characteristic calculating part 13A has substan-
tially the same configuration as the rectangular characteristic
calculating part 13, and has the configuration enabling to
perform the processing up to S705 (FI1G. 7), and performs to
thin a row (line) where edge pixels forming a region are
combined and extracts all outer shape characteristic informa-
tion (a region surrounded by the thinming-processed lines) to
be edges of the region (outer circumierence).

(Position Adjustment Parameter Calculating Part 14A) The
position adjustment parameter calculating part 14A 1s a cal-
culating part to calculate coordinates of the center of gravity
in the outer form characteristic information on the front side
and on the back side extracted by the outer shape character-
istic calculating part 13 A, and to calculate correction param-
cters, which are distance to shiit in parallel (parallel shiit
parameters tx, ty) and an angle to rotational-transier (rota-
tional angle parameter t0) to correspond coordinate value of
the center of gravity on the front side and coordinate value of
the center of gravity on the back side. Then, the position
adjustment parameter calculating part 14A outputs the cor-
rection parameters (tx, ty, t0) to the image data correction part
15A.

Using these parallel shift parameters tx and ty and the
rotational angle parameter t0, the outer shape characteristic
information on the back side 1s shifted i1n parallel at the
parallel shift parameters tx and ty, and 1s rotational-trans-
terred at the rotational angle parameter t0, and the outer shape
characteristic information on the back side shall be matched
with that on the front side. The position adjustment parameter
calculating part 14 A sets the number of pieces of outer shape
characteristic information on the front side and a coordinate
value acquired from the outer shape characteristic calculating,
part 13A at M and (x4, y5), 1=1, . . ., M, respectively, and sets
the number of pieces of outer shape characteristic informa-
tion on the back side and a coordinate value acquired from the
outer shape characteristic calculating part 13A at N and (X,
Yi)s 171, ..., N, respectively. On this occasion, coordinates
(X4, ¥y Of center of gravity 1n the outer shape characteristic
information on the front side (front image data D1) and coor-
dinates (X,,, y,.) of center of gravity in the outer shape
characteristic information on the back side (back reversed

image data Dr) are calculated using the expressions (19-1)
and (19-2).

(Expressions 19-1, 19-2)

“’ | A (19-1)
Afg = 7= / Afi
i=1
'G':
1 M
Yfg E Yfi
, .E:l

(19-2)

The position adjustment parameter calculating part 14A
shifts the outer shape characteristic information 1n parallel
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using the expressions (20-1) and (20-2) so as to position the
coordinates of the center of gravity on the front side and the
back side at the point of origin in the two-dimensional plane
coordinates.

(Expressions 20-1, 20-2)

{ Xfi =Xfi —Xfg (20-1)

Yii=Yfi—Yrg

{ Xpi = Xpi — Xpg (20-2)
Ypi = Ybi — Vg

The position adjustment parameter calculating part 14A
calculates the rotational angle parameter to so as to match the
outer shape characteristic information on the back side with
that on the front side based upon the outer shape characteristic
information on the front side and the back side after the
parallel shift. For the outer shape characteristic information
on the front side and the back side after the parallel shift, the
number of the pieces of the outer shape characteristic infor-
mation on the front side, and the coordinate value are
regarded as M and (X5, y,), 1=1, . . ., M, respectively, and the
number of the pieces of the outer shape characteristic infor-
mation on the back side, and the coordinate value are regarded
as Nand (x,, v,,),1=1, . . . , N, respectively. The outer shape
characteristic information on the back side 1s rotational -trans-
terred with the expression (21).

(Expression 21)
{ Xpj = Xp;jcost@s — yp ;s1nify (21)

ij = ijsil‘lf@f + ybjCDSIQf

Then, an evaluation function func (t0) for evaluating the
degree of confidence of the rotational angle parameter tO 1s
obtained. The evaluation function func (t0) 1s a total sum of
the distance between the outer shape characteristic informa-
tion on the back side and that on the front side after the
rotational transfer. Herein, distance d,; between coordinate
values (X, Y, ;) of the outer shape characteristic information
on the back side after the rotational transier and coordinate
values (X4, Y ;) of the outer shape characteristic information
on the front side after the rotational transier can be calculated
with the expression (22).

(Expression 22)

d, A (X, ~xg)2+(Y, =y g)? (22)

Relating the outer shape characteristic information on the
front side with that on the back side for obtaiming the distance
shall be the outer shape characteristic information on the back
side, which 1s the closest from that on the front side. On this

occasion, two or more pieces ol outer shape characteristic
information on the back side can be matched with one piece of
outer shape characteristic information on the front side. Thus,
the related correspondent relationship 1s regarded as I(1), Je
(1, . . ., N). This symbol 1 represents a numerical number
relating to the outer shape characteristic information on the
front side (1=1, . . ., M). Herein, the evaluation function func
(t0) can be calculated with the expression (23).
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(Expression 23)

M (23)
fMHC(IQ) = Z dj,j(j)
i=1

The smaller an evaluation value calculated from the evalu-
ation function func (10) becomes, the better 1t 1s. Herein, the
rotational angle parameter t0 1s set at —m/4=0<m/4, and for
example the rotational angle parameter t0 1s changed by 1°
and the evaluation value 1s calculated, and the rotational angle
parameter tO0 where the evaluation value becomes minimal 1s
obtained. In the meantime, when the minimal evaluation
value 1s greater than a predetermined value, 1t 1s regarded as a
tailed calculation of the position adjustment parameters, and
the 1image forming device 1 performs a process to allow the
display unit 105 to display an error message, such as “Sizes of

the manuscript are different between the front side and the
back side.”

Next, 1n order to correct the parallel shaft so as to align the
coordinates of the center of gravity on the front side after this
rotational transfer with those on the back side, the parallel
shift parameters, tx,,, tX,, and ty,, are calculated with the
expressions (24) and (235). The position adjustment parameter
calculating part 14 A regards the values where the coordinates
of the center of density on the back side calculated at S1601
are multiplied by “-1” as first parallel shiit parameters tx
and ty,, respectively.

1x

(Expression 24)
{lex = —Xpg (24)
I¥ly = —Ybg

In addition, the position adjustment parameter calculating
part 14A regards the values where the coordinates of the
center of gravity on the front side calculated at S1601 are
multiplied by “-1" as second parallel shift parameters tx,,_
and ty,,, respectively.

(Expression 25)
{IXZI = —Xfg (25)
[Y2y = —Vfg

(Image Data Correction Part 15A) The image data correc-
tion part 15A corrects the 1image data on the back side by
parallel shift based upon the first parallel shift parameters tx
and ty , calculated by the position adjustment parameter cal-
culating part 14A. Then, the parallel-shift-corrected 1image
data on the back side is rotatably corrected based upon the
rotational angle parameter t0. In addition, the rotational-cor-
rected 1image data on the back side 1s corrected by parallel
shift based upon the second parallel shift parameters tx, _and
ty,,. With the processing, the image data on the back side can
be corrected to adjust the position aligned with the image data
on the front side. Then, the reversed back correction image
data DXb 1s produced from the corrected image data on the
back side based upon the reverse direction information, and 1s
stored 1n the memory part 20. Any processing hereafter is the
same as those 1n the image forming device of the first embodi-
ment.
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In the image forming device of the second embodiment
having the above-mentioned configuration, a user allows the
image forming device to read a manuscript (rectangular
medium) using a scanner, etc. and merely enters the first
image data including the front-side shape of the manuscript
and the second 1mage data including the back-side shape of
the manuscript produced by the scanner, and then, can pro-
vide image data where the front-side shape of the manuscript
included in first image data 1s aligned with the back-side
shape of the manuscript included in second 1image data (iront
correction 1mage data DX1 and back correction image data
DXb). Consequently, since the user can avoid his/her trouble
to manually adjust positions of the 1mage, the working hours
can be drastically reduced. Further, when the front correction
image data DXT 1s printed on the front side of the output
medium and the back correction image data DXb 1s printed on
the back side of the output medium, printing with four
matched corners can be conducted.

Further, 1n the 1image forming device of the second embodi-
ment, a manuscript to be read does not have to be rectangular,
but for example, a quadrilateral manuscript having four sides,
such as trapezoid or parallelogram, 1s also acceptable, and a
polygonal manuscript 1s also acceptable. However, 1n the case
of a manuscript with shape having all the same length of sides
(for example, regular polygon) or a circular manuscript, 1t 1s
necessary to consider the range of the rotational angle param-
cter tO calculated by the position adjustment parameter cal-
culating part 14 A.

In the first embodiment and the second embodiment, when
the manuscript reading part 103 of the scanner part 100 reads
a manuscript for the purpose of producing 1image data where
edges of the manuscript (rectangular region) are certainly
extracted, a portion to be background (for example, a cover to
cover the platen 101) are dotted, or can have opposite color
from the manuscript color.

In the first embodiment and the second embodiment, an
example where the 1image forming device 1 (1A) having the
image processing device (image processing part 10) 1s
applied to a multifunction machine having the scanner part
100 and the printing part 200 was explained, and the 1mage
forming device 1 (1A) 1s also applicable to a copier or a
facsimile (FAX). Further, this 1s also applicable as an 1mage
forming device 1n the form where a computer 1s used as the
image processing part 10 and the computer 1s designed to
enable to transmit/recerve data and 1s connected to a scanner
(scanner part 100) and a printer (printing part 200).

Further, the example where image data 1s entered from the
scanner part 100 was explained, and this 1s also applicable 1n
the form where the 1image processing device (image process-
ing unit 10) acquires image data via a memory medium, such
as an hard disk, RAM, an optical disk, or a communication
network.

Image data to be entered 1nto the 1image processing part 10
(1mage data acquiring part 11) includes a rectangular region,
and as long as this 1s 1mage data that can recognize the shape
of the rectangular region, the format, such as PNG, JPEG or
GIF, 1s acceptable, and an 1mage format 1s no object.

What 1s claimed 1s:

1. An 1mage processing device that acquires both first
image data and second 1mage data, each of which 1s included
in a rectangular region, wherein shape and area of rectangular
regions are same, and that aligns the shape of the rectangular
region of the first image data with that of the second 1mage
data, the device comprising:

an 1mage data acquiring part that acquires the first image

data and the second 1image data;
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an edge characteristic extraction part that extracts both first
edges forming the shape of the rectangular region con-
tained 1n the first image data and second edges forming
the shape of the rectangular region;

a rectangular characteristic calculating part that extracts

both a first calculated rectangular region formed by the

first edges and a second calculated rectangular region

formed by the second edges;

a position adjustment parameter calculating part that cal-
culates parameters indicating a separation distance and a
separation angle between the first calculated rectangular
region and the second calculated rectangular region
when the first image data and the second 1mage data are
overlapped; and

an 1mage data correction part that adjusts a position of one
of the first image data and the second 1mage data to an
original position of the other one of the first image data
and the second 1mage data by shifting and rotating only
the one of the first image data and the second 1image data
based upon the parameters, wherein

the position adjustment parameter calculating part deter-
mines whether or not a size of the first calculated rect-
angular region matches a size of the second calculated
rectangular region,

the image data correction part perform the adjustment 11 the
s1ze of the first calculated rectangular region matches the
s1ze of the second calculated rectangular region,

the image data correction part does not perform the adjust-
ment 1f the size of the first calculated rectangular region
does not match the size of the second calculated rectan-
gular region.

2. The image processing device according to claim 1,

wherein

the image data acquiring part reverses the acquired second
image data and regards the reversed second image data
as the second 1image data; and

the 1mage data correction part reverses the shifted and
rotated second 1mage data, and regards the shifted and
rotated 1image data as the corrected second 1image data.

3. The mmage processing device according to claim 2,
wherein the 1image processing device 1s part of an 1mage
forming device, image forming device that comprises:

a scanner part that separately reads two rectangular media,
wherein shapes and areas of the two rectangular media
are the same, or reads a front side and a back side of one
rectangular medium, wherein shapes and areas of the
front side and the back side are the same, and produces
the first image data and second 1mage data including the
rectangular regions; and

a printing part that prints the first image data corrected by
the 1mage data correction part on the front side of an
output medium and prints the second 1mage data cor-
rected by the image data correction part onto the back
side.

4. The image processing device according to claim 2,

wherein

a direction of reversal by at least one of the image data
acquiring part and the 1mage data correction part 1s the
direction selected by a user.

5. The 1mage processing device according to claim 1,
wherein the edge characteristic extracting part extracts edge
pixel data forming transverse edges of the rectangular region
contained in the image data using a Sobel filter, produces
transverse edge characteristic 1image data, further extracts
edge pixel data forming vertical edges, produces vertical edge
characteristic image data, binarizes the transverse character-
1stic 1image data and the vertical characteristic image data,
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implements a logical OR operation, and extracts the first
edges from the first image data and the second edges from the
second 1mage data.

6. The mmage processing device according to claim 1,
wherein the rectangular characteristic calculating part
extracts four sides from the edges extracted by the edge
characteristic extracting part and extracts a region surrounded
by the four sides.

7. The 1mage processing device according to claim 6,
wherein the four sides extracted by the rectangular character-
istic calculating part are obtained by extracting four straight
lines from the edge pixel data forming the edges, calculating
four equations of straight lines, which are obtained by Hough-
transforming the straight lines, and calculating intersections
of these equations of straight line and a distance between the
intersections.

8. The image processing device according to claim 1,
wherein the parameters calculated by the position adjustment
parameter calculating part comprise an x-axis direction shift
parameter and a y-axis direction shift parameter, on a two-
dimensional plane coordinates, and a rotational parameter.

9. The image processing device according to claim 1,

wherein

one of the first edges and second edges 1s formed by two
pairs of straight lines, and

the straight lines of each pair are extracted from a group of
a plurality of straight lines based on the distance and the
angle between two given straight lines.

10. The image processing device according to claim 1,

further comprising:

a display part that displays a notice when a length of one of
the first edges of the first image data 1s different from a
length of a corresponding one of the second edges of the
second 1mage data by a predetermined amount.

11. The image processing device according to claim 1,

wherein

the separation distance and the separation angle are calcu-
lated from a center of gravity of the first calculated
rectangular region and a center of gravity of the second
calculated rectangular region, and

the 1image data correction part further adjusts the position
of one of the first image data and the second 1mage data
to a position of the other one of the first image data and
the second 1image data so that the center of gravity of the
first calculated rectangular region and the center of grav-
ity of the second calculated rectangular region match.

12. The image processing device according to claim 1,
wherein

at least one of edges of the first image data and the second
image data can be nonparallel to edges of an output
medium onto which the first and second 1image data are
printed, after the image data correction part shifts and
rotates only the one of first image data and the second
image data based upon the parameters.

13. The image processing device according to claim 1,

wherein

the rectangular characteristic calculating part further cal-
culates the first calculated rectangular region by deter-
mining a first maximum area of the rectangular region
contained in the first image data based on the first edges
and the second calculated rectangular region by deter-
mining a second maximum area of the rectangular
region contained in the second image data determined

from the second edges,
the rectangular characteristic calculating part determines
first side lines of the first calculated rectangular region
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based on the first maximum area and second side lines of
the second calculated rectangular region based on the
second maximum area, and
the position adjustment parameter calculating part calcu-
lates the parameters based on the first side lines and the 5
second side lines.
14. The 1mage processing device according to claim 13,
wherein
the rectangular characteristic calculating part determines
distances and angular differences between two of the 10
first side lines and between two of the second side lines
and pairs the two of the first side lines and the two of the
second side lines 1t the respective distance 1s greater than
a distance threshold value and i1 the respective angular
distance 1s less than an angular difference threshold 15
value.
15. The 1mage processing device according to claim 14,
wherein
the position adjustment parameter calculating part corre-
sponds the paired two of the first side lines and the paired 20
two of the second side lines by calculating an angular
difference and a difference 1n distance from a predeter-
mined position of the paired two of the first side lines and
the paired two of the second side lines.
16. The 1mage processing device according to claim 15, 25
wherein
the position adjustment parameter calculating part deter-
mines whether or not the size of the first calculated
rectangular region matches the size of the second calcu-
lated rectangular region by comparing lengths of the 30
corresponded paired two of the first side lines and the
paired two of the second side lines.
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